VOLTAGE REGULATOR AND ELECTRONIC DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a voltage regulator 
(hereinafter referred to as V/R) capable of improving an overshoot 
characteristic of the V/R. 

2. Description of the Related Art 

As shown in a circuit diagram of Fig* 3, a conventional V/R 
includes: a V/R control circuit composed of an error amplifier 13 
that amplifies a differential voltage between a reference voltage 
Vref 1 of a reference voltage circuit 10 and a voltage at a connection 
point of bleeder resistors 11 and 12 that divide a volt age (hereinafter 
referred to as an output voltage) Vout at an output terminal 6 of 
the V/R; and an output MOS transistor 14 . The V/R operates according 
to a voltage (hereinafter referred to as VDDl ) supplied from a voltage 
source 15. Assuming that an output voltage of the error amplifier 
13 is given by Verr and a voltage at the connection point of the 
bleeder resistors 11 and 12 is given by Va, if Vref 1 > Vais established, 
Verr becomes lower. On the other hand, if Vref 1 < Va is established, 
Verr becomes higher. 

If Verr becomes lower, because the output MOS transistor 14 
is a P-ch MOS transistor in this case, a voltage between a gate 
and a source thereof becomes larger and an ON resistance becomes 
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smaller, so that the V/R functions to raise the output voltage Vout . 
On the other hand, if Verr becomes higher, the V/R functions to 
increase the ON resistance of the output transistor 14 and to reduce 
the output voltage , thereby keeping the output voltage Vout at a 
fixed value (for example, see JP 04-195613 A (pages 1 to 3 and Fig. 
2)). 

Although not shown here, it is generally known that a phase 
compensating capacitor needs to be suitably added to the V/R if 
necessary. 

Also, it is generally known that, for example, as shown in 
Fig. 4, the error amplifier 13 of the V/R includes: a current mirror 
circuit composed of a P-ch MOS transistor 16 and a P-ch MOS transistor 
17; an input differential pair composed of an N-ch MOS transistor 
18 and an N-ch MOS transistor 19; and a constant current circuit 
20 into which a constant current 11 flows. 

However, in the conventional V/R, an operating current of the 
error amplifier 13 is determined by a constant current circuit 20. 
Therefore, there arises the following problem. If a current flowing 
into the constant current circuit 20 is reduced in order to realize 
a V/R having low current consumption, when the power source is started, 
that is, when VDDl is provided as a pulse signal, or when a load 
connected with the output terminal 6 of the V/R is suddenly reduced, 
the output voltage Vout largely tends to exhibit an overshoot 
characteristic . In other words , a power source start characteristic 



±s sacrificed. On the other hand, if a current flowing into the 
constant current circuit 20 is increased in order to realize a V/R 
having an improved overshoot characteristic, the low current 
consumption characteristic is sacrificed. 

vnien a battery is used as the power source, the low current 
consumption characteristic is required to lengthen a life of the 
battery. On the other hand, with regard to the overshoot 
characteristic of the output voltage Vout of the V/R, it is necessary 
to avoid a state in which the output voltage becomes equal to or 
larger than a withstanding voltage of an external element connected 
with the output terminal of the V/R. 

When the overshoot characteristic of the V/R is improved, for 
the purpose of achieving a wide band of the error amplifier 13, 
it is basically unavoidable to increase the operating current of 
the error amplifier 13. However, wheii the battery is used as the 
power source, it is essential to obtain the low. current consumption 
characteristic. Accordingly, in the current state, it is not 
acceptable to increase the current consumption of the V/R itself. 

SUMMARY OF THE INVENTION 
Therefore, the present invention has been made to solve the 
conventional problems. An object of the present invention is to 
control , only in the case where a voltage to which an output voltage 
Vout is to be controlled is higher than a desirable value , an operating 
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current of an error amplifier composing a V/R to a temporarily large 
value to achieve a wide band of the error amplifier , thereby Improving 
an overshoot characteristic^ and to control. In cases other than 
the above-mentioned case, the operating current of the error 
amplifier composing the V/R to a small value to achieve a reduction 
In current consumption. 

In order to achieve the above object , according to the present 
Invention, there Is provided a voltage regulator Including: 

a reference voltage circuit; 

a voltage source; 

an output terminal from which an output voltage is outputted 
in accordance with a voltage of the voltage source, 

a voltage dividing circuit that divides the output voltage; 

an error eunplif ler that outputs a signal in accordance with 
an output of the voltage dividing circuit and an output of the 
reference voltage circuit; 

an output transistor that is connected between the voltage 
source and the voltage dividing circuit and ON/OFF- controlled in 
accordance with the signal outputted from the error amplifier; and 

a current adding circuit that controls an operating current 
of the error amplifier in accordance with the output voltage of 
the output terminal and the voltage of the voltage source. 

Further, the current adding circuit Increases the operating 
current of the error amplifier when the output voltage of the output 
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terminal is higher than a predetermined value. 

Further, according to the present invention, there is provided 
an electronic device including the above-mentioned voltage 
regulator . 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the accompanying drawings: 

Fig . 1 is an explanatory circuit diagram of a voltage regulator 
showing Embodiment 1 of the present invention; 

Fig. 2 is an explanatory circuit diagram of the voltage 
regulator showing Embodiment 1 of the present invention; 

Fig. 3 is an explanatory circuit diagram of a conventional 
voltage regulator; and 

Fig. 4 is an explanatory circuit diagram of the conventional 
voltagre regulator . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
Hereinafter, an embodiment of the present invention will be 
described with reference to the drawings . Fig • 1 is a circuit diagram 
of a V/R showing Embodiment 1 of the present invention. Fig. 1 is 
distinguished from Fig. 4 in that a current adding circuit 21 is 
provided. The current adding circuit 21 acts to increase the 
operating current of an error amplifier in a state in which it is 
detected that a voltage to which an output voltage Vout is to be 



controlled is higher than a desirable value. 

For example , as shown in Fig • 2 , the current adding circuit 
21 includes: a bleeder resistor 28 and a bleeder resistor 29 that 
divide the output voltage Vout; an N-ch MOS transistor 27 that is 
ON/Off- controlled by a voltage Vb at a connection point between 
the bleeder resistor 28 and the bleeder resistor 29; a resistor 
26 for pulling up a voltage in a drain of the N-ch MOS transistor 
27 ; an inverter 23 to which a voltage Vc at a connection point between 
the drain of the N-ch MOS transistor 27 and an end of the resistor 
26 is inputted; an N-ch MOS transistor 22 that is ON/Off -controlled 
by an output voltage Vd of the inverter 23; a reference voltage 
circuit 25 that outputs a voltage Vref 2; and an N-ch MOS transistor 
24 in which the voltage Vref 2 is applied to a gate thereof. In Fig. 
2, the current adding circuit 21 corresponds to an area surrounded 
by a dotted line. Note that, in Fig. 2, a constant current circuit 
20 corresponds to the N-ch MOS transistor in which the voltage Vref 2 
is applied to the gate thereof. 

As described above, the potential at the connection point 
between the bleeder resistor 28 and the bleeder resistor 29 that 
divide the output voltage Vout is Vb. Therefore, when the output 
voltage Vout is increased and Vb reaches a voltage for turning ON 
the N-ch MOS transistor 27 , the voltage Vc becomes lower (hereinafter 
referred to as "L") by voltage drop produced in the resistor 26. 
On the other hand, when the output voltage Vout is reduced and Vb 



reaches a voltage for turning OFF the N-ch MOS transistor 27, the 
voltage Vc becomes higher (hereinafter referred to as "H"). 

When Vc is "L"^ the output voltage Vd of the inverter 23 to 
which such Vc is inputted becomes ""H", thereby turning ON the N-ch 
MOS transistor 22. Accordingly, a drain current 12 flows into the 
N-ch MOS transistor 24 in which the voltage Vref 2 is applied to 
the gate thereof , so that the operating current of the error amplifier 
is increased by the drain current amount. 

On the other hand, when Vc is "H", the output voltage Vd of 
the inverter 23 to which such Vc is inputted becomes "L", thereby 
turning OFF the N-ch MOS transistor 22. Accordingly, the drain 
current does not flow into the N-ch MOS transistor 24 in which the 
voltage Vref 2 is applied to the gate thereof, so that the operating 
current of the error amplifier becomes only a current II from the 
constant current circuit 20. The output voltage Vout by which Vb 
causes the N-ch MOS tralnsistor 27 to be turned ON or OFF can be 
set by suitably providing resistance values of the bleeder resistor 
28 and the bleeder resistor 29. Accordingly, when it is detected 
that a voltage to which the output voltage Vout is to be controlled 
is higher than a desirable value, the operating current of the error 
amplifier can be increased. 

Therefore, only in the case where the voltage to which the 
output voltage Vout is to be controlled is higher than the desirable 
value, the operating current of the error amplifier composing the 
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V/R is controlled to a temporarily large value to achieve a wide 
band of the error amplifier, thereby improving an overshoot 
characteristic. In cases other than the above-mentioned case, the 
operating current of the error amplifier composing the V/R is 
controlled to a small value to achieve a reduction in current 
consumption. In the conventional V/R, the operating current of the 
error amplifier 13 is determined by the constant current circuit 
20. Accordingly, there arises the following problem. If the 
current flowing into the constant current circuit 20 is reduced 
in order to realize the V/R having the low current consumption, 
when the power source is started, that is, when VDDl is provided 
as a pulse signal, or when a load connected with the output terminal 
6 of the V/R is suddenly reduced, the output voltage Vout largely 
tends to exhibit the overshoot characteristic. In other words, a 
power source start characteristic is sacrificed. On the other hand, 
if the current flowing into the constant current circuit 20 is 
increased in order to realize the V/R having the improved overshoot 
characteristic, the low current consumption characteristic is 
sacrificed. Thus, the above-mentioned problem can be solved. 

According to the above description, Vref2 is applied to the 
gate of the N-chMOS transistor composing the constant current circuit 
20 and the gate of the N-ch MOS transistor 24. However, when Vref3 
is newly provided, Vref 2 and Vref 3 are separately applied, and Vref 2 
and Vref 3 are set to arbitrary values, an effect can be obtained 
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that the current Increased by the current adding circuit 21 is variable 
and can be arbitrarily set. 

Also / in the above description, when the bleeder resistor 28 
and the bleeder resistor 29 are used as variable resistors, a lower 
limit value of the output voltage Vout for controlling the operating 
current of the error amplifier composing the V/R to a temporarily 
large value is variable and can be arbitrarily set. 

Also, according to the above description, the current adding 
circuit 21 includes the structure as shown in Fig. 2. However, even 
when the current adding circuit 21 includes another structure capable 
of having the same function as in Fig. 2, the same effect can be 
obtained. 

Thus, as described above, according to the voltage regulator 
of the present invention, the circuit that increases the operating 
current of the error amplifier when it is detected that the voltage 
to which the output voltage is to be controlled is higher than a 
desirable value is provided. Accordingly, only in the case where 
the voltage for controlling the output voltage is higher than the 
desirable value, the operating current of the error amplifier 
composing the V/R can be controlled to a temporarily large value 
to achieve a wide band of the error amplifier, thereby improving 
an overshoot characteristic. In cases other than the 
above-mentioned case, the operating current of the error amplifier 
composing the V/R can be controlled to a small value to achieve 
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a reduction in current consumption. 

Further , depending on a structure of the circuit that increases 
the operating current of the error cunplif ier when it is detected 
that the voltage to which the output voltage is to be controlled 
is higher than the desirable value, the current increased by the 
circuit that increases the operating current of the error cunplif ier 
is variable and can be arbitrarily set. 

Further , depending on a structure of the circuit that increases 
the operating current of the error amplifier when it is detected 
that the voltage to which the output voltage is to be controlled 
is higher than the desirable value, the voltage detected by the 
circuit that increases the operating current of the error amplifier 
is variable and can be arbitrarily set. 

Also, an electronic device according to the present invention 
Includes the above-mentioned voltage regulator. Thus, the 
reduction in power consumption is possible. 
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